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The Influence of UV A and Visible Radiation on Acute Damage by Short-
Wave UVR (A.< 320 nm) 
8HIGEO NONAKA, M.D., KAYS H. KAIDBEY, M.D., AND ALBERT M. KLIGMAN, M.D., PH.D. 
Department of Dermatology, Duhring Laboratories, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania, U.S.A. 
The influence of UV A and visible radiation on the 
acute damage by short-wave ultraviolet radiation (UVR) 
(X. < 320 nm) was investigated in human volunteers, 
using delayed erythema and sunburn cell production as 
markers of injury. It was found that subsequent expo-
sure to UV A + visible radiation produced a significant 
reduction of the threshold erythema dose by short-wave 
UVR, in a dose-dependent manner. Subsequent expo-
sures to varying doses of UV A + visible radiation, as 
well as to visible light alone failed to influence sunburn 
cell production. It is concluded that there is a positive 
interaction between short-wave UVR and UV A in the 
induction of delayed erythema, but this may not apply 
to epidermal cell injury. Photorecovery was not ob-
served. 
The interaction among UV wavelengths of different energies 
in causing skin damage has been a subject of growing concern. 
The acute effects of actinic radiation are due predominantly to 
wavelengths in the UVB region of the spectrum (290-320 nm). 
It has been claimed, however, that the cutaneous responses to 
UVB can be modified by exposure to longer UV wavelengths 
(UVA, 320- 400 nm) or to visible light [1,2]. These observations 
have significant implications from both a fundamental and 
clinical standpoint. Although UV A is far less efficient biologi -
cally than is UVB, the intensity of UV A in solar radiation 
reaching the earth's surface is much larger and can be orders 
of magnitude greater than that of UVB [3]. Theoretically, any 
such interaction might also be expected to influence the chronic 
effects of UV radiation (UVR) as we ll. Furthermore, in various 
phototherapy protocols, cumulative exposures to several 
hundred joules/cm2 of UV A is not unusual, and the impact of 
such doses on actinic damage in chronically sun-exposed areas 
has to be seriously considered. 
The nature of the UV A and UVB interaction in causing acute 
skin damage is not fully clear. There seems to be little disa-
greement that prior exposure to subthreshold doses of UV A 
renders the skin more sensitive to the erythemogenic effects of 
UVB [1 ,2 ]. This observation has been confirmed by several 
workers [4,5]. Studies by Ying eta! [4] and more recently by 
Paul and Parrish [6] suggested that this positive interaction 
could be due to addition of erythemogenically effective energies 
from both wavebands and not a true synergistic interaction 
(photoaugmentation) as suggested earlier by Willis et al [2] . 
Results consistent with photoaddition had previously been 
publi shed by Sayre et a] following combined exposures to the 
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shorter wavelengths 254 nm , 280 nm, and 297 nm from a 
monochromator [7]. 
Conflicting reports have appeared, however, concerning t he 
type of interaction when the order of exposures is reversed, viz. 
UVB followed by UV A. Preliminary studies from this and other 
laboratories [ 4,5,8] did indeed show that reversing the sequence 
of irradiation did not influence t he results; the erythemogenic 
effects of UVB were accentuated. By contrast, Van der Leun 
and Stoop [1] and later Van Weelden [9] found that t he 
threshold erythema dose (MED) actually increased when ex-
posure to UVB or UVC was immediately followed by UV A. 
This suggests a negative interaction. They termed t his phenom-
enon photorecovery. More recently, Paul and Parrish [6] also 
observed a modest elevation in the MED when subthreshold 
exposures to UVB were fo llowed by UV A, but the increase was 
not significant. 
It is important to determine whether UV A and visible radia-
t ion can mitigate or accentuate the da maging effects of shorter 
UV wavelengths. Experiments were therefore designed to reex -
amine this question, using histologic criteria as well as ery-
thema. 
MATERIALS AND METHODS 
Subjects 
These were paid healthy Caucasian college students of both sexes 
between the ages of 18 and 36 years (skin types II and III). Informed 
consent was obtained. The untanned midback was used as the test site. 
Light Sources 
A 150-W compact xenon arc solar simulator, equipped with a UVR-
reflecting dichroic mirror, was used to provide a broad UVB waveband 
(290- 320 nm). The reflected beam was passed through (a) a 2- mm 
Schott WG295 filter (50% cutoff at around 290 nm) ; (b) a UVB band-
pass filter with peak transmittance at 300 nm and half-power band-
width of 25 nm (Infrared Industries, Inc. Waltham, Massachusetts) , 
and (c) a 1-mm Schott UGll filter to eliminate remaining visible 
radiation (waveband B, Fig 1). Full -spectrum UV.R was obtained from 
a 200-W high -pressure mercury lamp (Osram HBO 200, Germany) 
equipped with a UV -transmitting !lexible light guide containing a liquid 
core. The specifications and emission spectrum of this lamp have been 
publ ished [10]. 
A 400-W high-pressure mercury lamp, vertically mounted in front 
of an ellipt ically shaped reflector was the source of a broadband UV A 
and visible light. The radiation, after passing through a 7 mm-thick 
plate of window glass, produced a uniformly illuminated area(± 14%) 
measuring about 15 x 15 em at 37.5 em. The spectral power distribution 
was determined by an International Light spectroradiometer system 
(model 782) which showed the spectral lines of mercury with a weaker 
background continuum extending from 320 nm into the visible region 
(650 nm) . Total irradiance at skin level was 23.9 m W /cm2 ; UVA 
irradiance was 4.5 m W /cm2• The energy below 320 nm was 0.6 11 W f 
cm2• There was no measurable transmission below 310 nm. 
For studies of sunburn cell formation , 3 broad wavebands with 
different peaks were isolated from a compact 150-W xenon arc source. 
The collimated beam, re!lected from a UVR-re!lecting dichroic mirror, 
was passed through either a 1-mm Schott WG 360 filter (waveband A) 
or a 3-mm Schott GG385 filter (waveband C). To obtain a more intense 
and broader visible waveband without UVA, a visible light-reflecting, 
UVR- and heat-transmitting dichroic mirror was employed, and the 
reflected beam passed through (a) a 3-mm Schott GG385 and (b) a 2-
mm Schott KG4 (infrared absorbing) filter (waveband D). The relative 
spectral distribution within each waveband is shown in Fig 1. Intensity 
at skin level was measured by a calibrated thermopile attached to a 
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FIG l. Re lat ive spectral distribution of the isolated wavebands B, 
A, C, and D. 
Keithly mi llimicrovoltmeter. Intensity measurements of defined 
wavebands (UVB and UVA) were done with calibrated, cosine-cor-
rected photodiode type detectors equipped with special bandpass filters 
(models SEE-240 and SEE-010, respectively) and attached to a research 
radiometer (International Light, Inc., Newburyport, Massachusetts). 
Experiments 
l n.flu.en.ce of UVA and visible light on erythema: T he minimum 
erythema do e (MED) was individually determined by administering a 
series of exposu res to UVB and to UVR from the 200-W mercury 
source in 25% dose increments to symmetrical areas over the lower 
back. All exposu res were administered in a partially darkened room 
illuminated by an F40CW fluorescent tube (cool white). Immediately 
following the exposures, one side of the back was covered by several 
layers of opaque cloth and the opposite side exposed to UV A and visible 
radiation from the 400-W filtered mercury source. T he subjects were 
divided into 3 groups; group I received 14.3 J /cm2, group II received 
28.6 J/cm2 , and group liJ 57.2 J/cm2 of UVA and visible radiation. The 
MED with UVB (MED8 ) and with UVR (MEDuvn) on each side was 
the smallest dose requi red to produce visible erythema 24 h later. A t -
test for paired compa risons was used to test the sign ificance of differ-
ences in the MEDs between the opposite sides. Since MEDs show a 
log normal distribution, the logari thm of the individual values were 
used in the analysis. 
i nfluence of UVA and visible radiation an. sunburn cell production: 
The 200-W high-pressure mercu ry lamp was used as the UVR source 
for induction of sunburn cells (SBC). Dose-response studies were 
performed initially to determi ne the dose of UVR required to elicit an 
appropriate number of SBCs. Subjects were exposed to 0.8 J/cm2 , 1.6 
J /cm2 , and 3.2 J /cm2 of UVR to adjacent sites on the lower back. 
Superficial shave biopsies (3 x 3 mm) were obtained with a Gi llette 
Blue Blade 22- 24 h later from each irradiated site following loca l 
xylocaine anesthesia. The specimens were fix ed in 10% buffered fo r-
malin , processed routinely, sectioned at 6 11m, and stained with hema-
toxy lin -eosin. SBCs were counted at a magnification of 400X in 80-
110 random high-power fields (HPF) and the mean number per HPF 
determined for each specimen. Only 1 of eve ry 10 consecutive sections 
was counted. 
T hree adjacent test sites, each measuring 1 em in diameter, were 
outlined on the lower back of each subject. Two of the sites were 
exposed to the same UVR dose (0.8 Jfcm 2 or 1.6 J /cm2) . Immediately 
afte rwards, one of the UV -irradiated sites and an adjacent unirradiated 
normal skin site were exposed to 1 of the 3 wavebands (A, C, or D) 
shown in Fig 1. The third UV -irradiated site not receiving vis ible light 
was covered with several layers of opaque cloth. Two dose levels of 
visible energy (120 J/cm2 or 200 J/cm2) were given with each waveband 
to different groups of subjects. Shave biopsies were obtained 24 h later 
from each site and the number of SBCs determined as outlined above. 
RESULTS 
ln.(luence of UVA + Visible Radiation. on. the MED 
Exposure to UV A and visible radiation did not affect the 
mean MED 8 in t he 2 groups of subjects who received t he lower 
dose levels of UV A + visible radiation (groups I and II, Table 
I). At t he highest dose level, however, UV A + visible radiation 
produced a sign ifica nt lowering of t he threshold UVB dose 
(group III , Table I) . Simi lar results were obtained for t he 
threshold dose with UVR, except t hat in t his case UV A + 
visible radiation p roduced a s ignificant lowering of the MEDuvn 
in both groups II and III (Table I). Furthermore, t he magnitude 
of t he reduction in the MEDuvn was related to the dose of UV A. 
This is i llu~trated in F ig 2 where t he difference in t he mean log 
MEDuvn (D) between the opposite sides of each of t he 3 groups 
is plotted as a fu nction of t he UV A dose. 
Influence of UVA and Visible Radiation on SEC production 
SBCs were visualized predominantly in t he upper layers of 
t he stratum spinosum. However, 11.5% of the cells were located 
along t he basal and epibasal layers. Their numbers increased 
linea rly with respect to log UVR dose (Fig 3). None of the 3 
wavebands (A, C, or D) produced SBCs or had any sign ificant 
effect on SEC production by UVR, regardless of the doses that 
were employed. The data for each group were t herefore pooled 
and t he resu lts a re illustrated in Fig 4. 
DISCUSSION 
The present findings suggest t hat t here is a positive inter-
action between wavelengths below 320 nm and UV A + visible 
radiation when t he exposures are given in t hat sequence, viz. 
UVR < 320 nm followed by UV A, as ev idenced by a significant 
lowerng of t he MED. A change in t he MED usually indicates 
a n a lterat ion in susceptibility to acute UVR damage. The 
observed reduction in the MED for wavelengths< 320 nm was 
a lso related to t he UV A dose. 
In 1949, B lum eta! first described a n enhancement of recov -
ery from UV irradiation by visible light in animal cells (11]. 
These authors noted t hat the normalization of t he cleavage 
rate in t he eggs of t he sea urchin Arbac£a punctulata fo llowing 
"short" doses of UVB was greatly accelerated by subsequent 
exposure to visible li ght in t he 400- to 500-nm region of the 
spectrum. T his observation prompted an investigation to de-
term ine whether a n ana logous p henomenon occurred in human 
skin. T hey fou nd t hat t he MED was not a ltered by subseuqent 
exposure to a n unspecified dose of window glass-fi ltered sun-
light [ll). ln contrast, Vander Leun and Stoop showed t hat a 
single exposure of 5 h to fi ltered daylight given immediately 
afte r UVB or UVC irradiation resu lted in a 25-30% increase 
in t he ave rage MED [1]. S imilar findings were subsequently 
described by Van Wee lden who used fluorescent mercury tubes 
with maximal emission near 365 nm to demonstrate photore-
covery of UVC- and UVB-induced erythema by longer wave-
lengths [9]. In both studies, 40% dose incremen ts were given 
for t he determination of t he MED. The dose of UV A was not 
stated. S ince t he UV A dose required for thi s effect was thought 
to be small , it was suggested t hat the weak UV A component 
often present in UVB and UVC sources may in fact be sufficient 
to produce photorecovery during t he init ia l exposure to t he 
shorter wavelengths [1]. In one of t he present experiments 
where UV A and visib le radiation were excluded from t he UVB 
source, however, we were unable to demonstrate t his phenom-
enon , and again obse rved an accen tuation of t he erythema 
response by sub equent exposure to UV A + visible radiation . 
It is not known whether t he increased sensitivity to wave-
lengths below 320 nm as measured by a lowering of t he MED 
is a lso paralleled by enhanced damage to other targets. Since 
SBCs can a lso serve as a lternative mar kers of acute UVR injury 
it was considered worthwhile to determine whether their pro-
duction can a lso be influenced by UV A and visible radiation. 
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TABLE I. Mean threshold eryth ema dose with UVR and UVB (mJ fcm 2 ± SD) in normal skin and in skin subsequently exposed to various doses 
of U VA + visible radiation 
MEDuvn Dose of p 
Group MEDuvn (exposed UVA + visible (paired 
skin)" (J/cm2 ) t-test) 
I 754.6 764.5 14.3 N.S_~, 
(n = 16) ± ± 
282.1 314.2 
II 778.5 723.6 28.6 <0.01 
(n = 15) ± ± 
281.2 283.7 
III 843.4 732.0 57.2 < 0.005 
(n = 23) ± ± 
363. 1 295.9 
"Side of back exposed to UV A + visible rad iation. 
b N.S. = not significant. 
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F IG 2. Difference in the mean log MED (D) for UVR between sites 
exposed to UV A + visible radiation and unexposed sites, plotted as a 
function of UVA dose. 
SBC production was found to be li nearly related to the log dose 
of UVR. A similar dose-response relationship has been de-
scribed in mouse epidermis [1 2]. The action spectrum for the 
production of these ce lls is limited to wavelengths below 320 
nm [12). T he present findings indicate t hat SBC production is 
not affected by subsequent exposure to UV A and visible rad ia-
tion. A slight increase was observed following larger doses of 
waveband A but this was not significant. Hence the observed 
interaction may be limited to events t hat give rise to erythema 
and may not involve other UV-induced responses. Gange and 
Mendelson, for example, were unab le to show that prior expo-
sure to UV A had any effect on cutaneous responses to UVB 
using alteration of DNA synthesis and stimulation of ornithine 
decarboxylase as markers of UVB damage in the hairless mouse 
(13). 
The basis for the observed positive interaction between UV A 
and UVB is unknown and is likely to remain so until more 
insight is gained into the mechanism of UVR- induced ery-
thema. The erythemogenic and biologic effects of these spectra l 
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wavebands differ markedly in several important respects 
(14,15]. It is also likely that different chromophores are in -
volved in t he induction of delayed erythema by UVB and UV A, 
as suggested in recent action spectra studies by Parrish et al 
[16]. Nonetheless, several possibilit ies could be mentioned that 
may explain the interaction. The theory of simple addi t ion of 
eryt hemogenic energies from both wavebands gains support 
from studies employing subthreshold combinations of broad-
band UVB and UVA (6). Unfortunately, we were unable to 
determine t he individual MED with our UV A source because 
of its low irradiance and hence it is not possible to test the 
addi t ion theory from t he present data. It is worth noting, 
however, that the mean reduction in t he MED for wavelengths 
< 320 nm was linearly related to the log dose of UV A, which 
does not in itself suggest simple addi t ion. Clearly, more studies 
are required to firmly establish photoaddition as the basis fo r 
t his interaction. Another mechanism by which UV A can ad-
versely influence UVB damage is by interference or inhibit ion 
of repair enzymes. Evidence for t his comes primarily from 
studies performed in vitro. Prior exposure of bacteria and of 
normal human fibroblasts in cul ture to 365-nm radiation re-
duces the capacity of these cells to perform unscheduled DNA 
repair following challenge wit h UVC (17,18). There is good 
evidence to suggest that the cytotoxic effects of UVB and UVC 
on mammalian and bacterial cells is predominantly due to a 
DNA lesion, most likely pyrimidine dimer formation [19) . The 
lethal effects of UV A, especially at high fluences, are believed 
to be due to additional mechanisms, including inhibition of 
repair processes and other essential enzymes (20,21) . Whether 
a similar effect occurs in human skin is current ly under study. 
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